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TRANSDERMAL PATCH AND METHOD FOR
DELIVERY OF VITAMIN B12

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priornity to U.S. Non Provisional
application Ser. No. 12/051,370, filed Mar. 19, 2008, which

claims priority to U.S. Provisional Application No. 60/895,
571, filed Mar. 19, 2007, both of which are incorporated by

reference for all purposes.

STATEMENT REGARDING
FEDERALLY-SPONSORED RESEARCH OR
DEVELOPMENT

Not applicable.

FIELD OF THE INVENTION

This invention relates generally to compositions, devices
and methods for administering vitamin B,, to human and
non-human subjects. More particularly, the invention 1s
directed to shelt-stable vitamin B, ,-containing transdermal
delivery patches and methods of their preparation and use.

BACKGROUND OF THE INVENTION

Transdermal patches have been described extensively in
the art to deliver drugs and agents other than vitamin B,
through intact skin. For example, such devices include, but
are not limited to, those described 1n U.S. Pat. Nos. 3,170,
795; 3,598,122, 3,598,123; 3,731,683; 3,742,951, 3,814,
097, 3,921,636; 3,972,995; 3,993,072; 3,993,073; 3,996,
034; 4,031,894; 4,060,084; 4,069,307, 4,077,407, 4,201,
211; 4,230,105; 4,286,592; 4,292,299, 4,292,303; 4,314,
557, 4,379,454; and 4,568,343, each of which i1s hereby
incorporated by reference 1n 1ts entirety.

Transdermal delivery offers several advantages as com-
pared to oral delivery and injection, including, but not
limited to: 1) avoidance of hepatic first pass metabolism; 2)
discontinuing administration easily accomplished by patch
removal; 3) improved patient compliance; and 4) mainte-
nance of constant active agent level in blood for longer
periods of time. As specifically compared to oral delivery,
transdermal delivery decreases the necessary dose to be
administered.

The major obstacle to transdermal delivery 1s the excel-
lent barrier characteristics exhibited by skin. Several routes
through the skin have been 1dentified. The transappendageal
route transports substances through sweat glands and hair
tollicles with their sebaceous glands. This route 1s consid-
ered of minor importance due to the very limited area (less
than 0.1% of total skin surface). However, large compounds
can theoretically be delivered by this route. The transepi-
dermal route consists of transport via diflusion through the
cellular layer that includes the stratum corneum (consisting
of lipids), viable epidermis (90% water held together by
tonofibrils), and dermis (loose connective tissue composed
of fibrous protein embedded 1n an amorphous ground sub-
stance).

Increased penetration of the skin barrier 1s achieved by
use of physical methods, biological methods, and chemical
penetration enhancers. Physical methods include 1ontopho-
resis, sonophoresis, thermal energy, and stripping of the
stratum corneum. The biological approach utilizes a thera-
peutically inactive prodrug that 1s transported through the
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skin barrier by physiological mechanisms with the prodrug
then being metabolized to produce the therapeutically active

drug. Chemical penetration enhancers reversibly decrease
the barrier allowing drug permeation.

Ideal enhancers are generally non-toxic, pharmacologi-
cally inert, nonallergenic, predictable with immediate eflect,
amendable to full barrier recovery after removal, compatible
with a drug and adjuvants, and cosmetically acceptable.
Penetration enhancers can be classified broadly as fatty
acids, fatty alcohols, terpenes, sulfoxides, anionic surfac-
tants, cationic surfactants, nonionic surfactants, zwitterionic
surfactants, polyols, amides, ureas, lactam, and sugars. The
actual mechanmism of action by a penetration enhancer may
be one or more of the following: 1) disruption of the ordered
structure of stratum corneum lipids; 2) interaction with
intracellular protein; or 3) improved partitioning of the drug,
co-enhancer or solvent into the stratum corneum. It has been
found that enhancer mixtures can be more eflicient by acting
together on one or more of these mechanisms to facilitate
permeation.

Dimethyl sulfoxide (DMSO) was recognized over 40
years ago for its ability to open the skin. Hundreds of
formulations have since been mnvestigated as potential pen-
ctration enhancers. Unfortunately, no rehable means for
predicting permeability etlicacy yet exist although simple
guidelines have been proposed.

It has been demonstrated that macromolecules (1-10 kDa)
are able to pass through the skin when mixtures of penetra-
tion enhancers are applied. In particular, a mixture of sodium
dodecyl sulfate and phenyl piperazine increased skin per-
meability up to 100-fold for macromolecular drugs 1nclud-
ing heparin, leutimzing hormone releasing hormone and
oligonucleotides.

Unfortunately, vitamin B,, administration by the trans-
dermal route was previously believed to be problematic due
to the large size of the vitamin B,, molecule. Cyanocoba-
lamin has a standard molecular weight of 1355. This 1s
considered a large molecule that the skin barrier normally
blocks. It 1s generally understood that molecules of molecu-
lar weights of 3350 or lower are free to penetrate the dermis.
Accordingly, the large molecular size was commonly
believed to result 1n low skin permeation rates and, conse-
quently, sub-optimal vitamin B,, dosages imparting no or
negligible health benefits to a subject. In addition, cyano-
cobalamin 1s sensitive to ultraviolet radiation due to 1ts
inherent organometallic character, so it requires stabilization
in order to provide a product with practical sheli-life. To be
particularly useful as an over the counter product, any
transdermal device for vitamin B, , delivery would therefore
need to overcome 1ssues related to at least skin permeation
elliciency and shelf life stability.

SUMMARY OF THE INVENTION

The present invention 1s directed to transdermal delivery
patches for administering vitamin B,, and related methods
ol use and manufacture that overcome the technical draw-
backs mentioned above. In particular, the present invention
provides shelf stable transdermal delivery patches ifor
administering vitamin B, , which impart the respective mol-
ecule 1n an amount suflicient for release at a skin permeation
rate suflicient to achieve a health benefit 1n a subject.

In a first aspect, the present invention provides a shelf
stable transdermal delivery patch for admimistering vitamin
B,, to a subject. Such a delivery patch includes: (a) a
backing layer; (b) a skin contact adhesive layer adjacent to
the backing layer, the skin contact adhesive layer including;:




US 9,700,522 B2

3

(1) a polymeric adhesive; (11) vitamin B, ,; (111) a penetration
enhancer effective to enhance transdermal uptake of vitamin
B,, by the subject; and (1v) a vitamin B,, stabilizer to
stabilize the vitamin B,, contained within the adhesive
layer; and (c¢) a removable impermeable layer overlaying the
skin contact adhesive layer, the removable impermeable
layer preventing vitamin B, release from the skin contact
adhesive layer prior to use.

Polymeric adhesives useful 1n the adhesive layer of trans-
dermal patches of the invention include, but are not limited
to, polyacrylate polymers, rubber-based adhesives, and
polysiloxanes adhesives. Acrylic co-polymer 1s a preferred
polymeric adhesive, particularly when provided in the adhe-
sive layer at about 40 wt % to about 95 wt %, most
preferably at about 82 wt %.

The transdermal delivery patch of the invention contains
vitamin B, ,, preferably at about 0.1 wt % to about 25 wt %
of the skin contact adhesive layer’s dry weight, most pret-
erably at 4.0 wt %. Transdermal deliver patches further
contain penetration enhancers, most preferably as a combi-
nation of: (a) menthone at about 1.3 wt % to about 12.0 wt
%; and (b) propylene glycol at about 0.8 wt % to about 12
wt %, based on the skin contact adhesive layer’s dry weight.
Other alternative penetration enhancers include, but are not
limited to, nicotinates, fatty acids, fatty alcohols, terpenes,
polyols and combinations thereof.

Delivery patches according to the mnvention have an
adhesive layer that, in addition, includes a vitamin B,
stabilizer such as, e.g., ascorbic acid, phosphoric acid,
panthenoic acid, butylated hydroxytoluene, edetic acid,
nicotinic acid, sodium selenite, and combinations thereof.
Sodium selenite 1s a preferred stabilizer, most preferably
when provided at about 0.01 wt % to about 1.2 wt % of the
adhesive layer’s dry weight. In general, such stabilizers
function as anti-oxidants which prevent oxidative degrada-
tion of the vitamin B, .

A most preferred composition for use 1n transdermal
delivery contains acrylic copolymer at about 82 wt %,
vitamin B, at about 4.0 wt %, menthone at about 5.0 wt %,
propylene glycol at about 3.5 wt %, and sodium selenite at
about 0.2 wt %.

In a second aspect, the present invention encompasses a
method of transdermally administering vitamin B,, to a
subject. Such a method includes steps of contacting a
subject’s skin with a composition including: (a) a polymeric
adhesive; (b) vitamin B, ,; (¢) a penetration enhancer eflec-
tive to enhance transdermal uptake of the vitamin B, , by the
subject; and (d) a vitamin B,, stabilizer to stabilize the
vitamin B, , contained within the composition.

The composition 1s preferably provided in the form of a
shell stable transdermal delivery patch as described and
claimed herein. A subject may be any animal, most prefer-
ably, a human.

In yet another aspect, the imnvention 1s directed to a shelf
stable composition useful for the transdermal delivery of
vitamin B, to a subject. Such a composition 1s usetul 1n the
preparation of transdermal delivery patches according to the
invention. Although transdermal patches may be manufac-
tured by various methods, a preferred method 1s a roller-
coating process. Such a process includes steps of roller-
coating a composition comprising: (1) vitamin B,, at about
0.1 wt % to about 15 wt %; (11) sodium selenite at about 0.01
wt % to about 1.0 wt %; (111) menthone at about 0.8 wt % to
12 wt %; (1v) propylene glycol at about 0.5 wt % to about
12 wt %; (v) nonionic surfactant at about 0.1% to about 1.0
wt %; (v1) polyurethane polymer associative thickener at
about 0.6 wt % to about 6 wt %; (v11) added water at about
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0.3 wt % to about 50 wt %; and (vi11) acrylic co-polymer at
about 40.0 wt % to about 97.6 wt %; onto an impermeable
release layer to form a skin contact adhesive layer adjacent
to the release layer. Water 1s then evaporated from the
composition by heating the composition itself to a tempera-
ture no greater than about 215 degrees F., preferably no more

than 200 degrees F. A backing layer 1s then laminated to the
skin contact adhesive layer and the resulting multilayered

product 1s cut into a pre-selected shape and size thereby
providing a shelf stable transdermal delivery patch.

Other objects, features and advantages of the present
invention will become apparent after review of the specifi-
cation, claims and drawings.

BRIEF DESCRIPTION OF TH.

(L.

DRAWING

FIG. 1 shows a transdermal patch having an impermeable
backing layer 12, skin contact adhesive layer 14 containing
vitamin B,,, and a removable impermeable layer 16.

L1l

DETAILED DESCRIPTION OF TH.
INVENTION

Belore the present compositions, devices and methods for
achieving specified vitamin B,, transdermal delivery are
disclosed and described, i1t 1s to be understood that this
invention 1s not limited to the particular process steps and
materials disclosed herein, but 1s extended to equivalents
thereol as would be recognized by those ordinarily skilled in
the relevant arts. It should also be understood that terminol-
ogy employed herein 1s used for the purpose of describing
particular embodiments only and 1s not intended to be
limiting.

A. Definitions

In describing and claiming the present invention, the
following terminology will be used. The singular forms *““a”
“an,” and, “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a
vitamin B, , molecule” includes reference to one or more of
such molecules, and reference to “a fatty acid” includes
reference to a mixture of two or more of such fatty acids.

As used herein, the term “vitamin B,,” refers to the water
soluble vitamin cyanocobalamin which 1s an organometallic
compound with a trivalent cobalt 10n bound 1nside a corrin
ring. Vitamin B,, 1s important in animals for, generally,
maintaining healthy metabolism regulation, red blood cell
production, and healthy central nervous system mainte-
nance. Vitamin B, useful 1n the present invention may be
found 1n or derived from any synthetic or natural source, and
the term “vitamin B,,” shall refer to the analogues, deriva-
tives, salts, and prodrugs, of vitamin B, ,, as well as mixtures
thereof. Further, vitamin B,, analogues, derivatives, salts,
and prodrugs may be obtained by synthesis, extraction as a
natural product from one or more bacteria, animal or plant
species, or by partial extraction and turther synthesis. Meth-
ylcobalamin and 5-deoxyadenosyl cobalamin are the forms
of vitamin B,, used in the human body. The form of
cobalamin used 1n most supplements, cyanocobalamin, 1s
readily converted by the body to 5-deoxyadenosyl and
methylcobalamin.

As used herein, “vitamin B,, delivery composition,”
“vitamin B,, transdermal delivery patch,” “transdermal
delivery composition,” “transdermal delivery formulation,”
or “transdermal formulation” refer to any vitamin B, , con-

taining device, system, product, chemical combination, or
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mechanism capable of being applied to, or against the skin,
to effect transdermal delivery, of vitamin B, ,.

The term ““subject” refers to an animal, most preferably a
human, that derives a health benefit from the administration
of vitamin B,,.

As used herein, the term “skin” refers to any membrane
of the animal body, preferably human body, to which a
chemical formulation or composition may be applied includ-
ing the external skin of the body, the mucosa membranes of
the nasal, oral, vaginal, and rectal cavities.

As used herein, the term “transdermal” or “percutaneous”
delivery means delivery of a substance or agent, by passage
into and through the skin. Hence the terms “transdermal”
and “transmucosal” are used interchangeably unless specifi-
cally stated otherwise. Likewise, the terms “skin”, “derma”,
“epidermis”, “mucosa”, and the like shall also be used
interchangeably unless specifically stated otherwise.

”, “penetration

As used herein, the terms “enhancement”,
enhancement”, or “permeation enhancement” refer to an
increase in the permeability of the skin, to a delivery
substance or agent, so as to increase the rate at which the
delivery substance permeates through the skin. “Permeation
enhancer”, “enhancer”, “penetration enhancer”, or similar
terms refer to a material, or materials that achieve or
tacilitate such permeation enhancement, and an “eflective
amount” of an enhancer means an amount eflective to
enhance penetration through the skin, of vitamin B,,, to a
selected degree. Accordingly, the terms “skin permeation
rate” and “transdermal permeation rate” refer to the rate at
which the delivery substance, in this case vitamin B,,,
permeates through the skin. An 1mn-depth overview of pen-
ctration enhancers 1s presented by Kanikkannan et al.,
(Current Medicinal Chemistry, 1999 Volume 6, No 7). An
index of permeation enhancers 1s also disclosed by Osborne
et al., (Pharmaceutical Technology, June 1998), both of
which are mcorporated by reference herein. Enhanced per-
meation as aflected through the use of such enhancers can be
observed, for example, by measuring the rate of diffusion of
the delivery substance through animal or human skin using
a diffusion cell apparatus. Such a diffusion cell 1s described
by Merritt et al., (J. Controlled Released, 61 1984), icor-
porated herein by reference.

By the term “skin contact adhesive layer” 1s meant a
pre-determined amount of vitamin B,, dissolved or sus-
pended 1n a polymeric carrier or phase, 1 one aspect a
pressure-sensitive adhesive, that can also contain other
ingredients, and 1n which a permeation enhancer, stabilizer
and other positive health benefit promoting substances are
also dissolved or suspended. This definition 1s meant to
include embodiments wherein such polymeric phase 1s used
within an overlay adhesive to form an adhesive patch with
a reservolr. The transdermal patches described and claimed
herein are passive diflusion patches. A “passive diflusion
patch” as used herein 1s a transdermal patch which 1s
arranged to deliver the vitamin B,, across the skin by
passive diflusion rather than utilizing an electric field.

A patch system according to the invention comprises an
adhesive layer having a film backing laminated onto the
distal surface thereof and, before transdermal application, an
impermeable release liner on the proximal surface of the
adhesive. The film backing protects the polymeric phase of
the patch and, 1 certain embodiments, totally prevents
release of the delivery substance and/or enhancer to the
environment. While an impermeable (i.e., occlusive) back-
ing 1s preferred, a non-occlusive backing layer may be
utilized so long as packaging of the patch 1s fully occlusive
to prevent loss of adhesive layer components to the envi-
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ronment. The release liner functions similarly to the imper-
meable backing, but 1s removed from the patch prior to
application of the patch to the skin as defined above. Patches
are known 1n the art of transdermal delivery to routinely
contain such backing and release liner components, and
patches according to the present mvention should be con-
sidered to comprise such backing and release liner or their
functional equivalents. An adhesive layer therefore includes
a unit dosage form, or type of formulation, which includes
a predetermined amount of wvitamin B,,, permeation
enhancer, stabilizer, as well as other optional ingredients,
such as good health-imparting ingredients, in a polymeric
carriet.

The term “‘shelf stable”, when used in the context of
transdermal devices and compositions described and
claimed herein, refers to the ability of those maternials to
withstand long term storage and, upon use, deliver an
amount of vitamin B,, suflicient for release at a skin
permeation rate suflicient to achieve a health benefit 1n a
subject. Devices and compositions according to the mven-
tion shall preferably have a shelf life of at least 24 months
under transport and storage conditions regularly imposed on
vitamin supplements by manufacturers, carriers, retailers,
and providers of such products.

As used herein, “mert carrier” refers to a polymeric
carrier, or other carrier vehicle into which vitamin B,, may
be admixed 1n order to form a transdermal delivery formu-
lation. Inert carriers must generally be pharmaceutically
acceptable, 1n that they are suitable for administration to the
skin without causing significant instances of adverse results.
Further, inert carriers must not react with the active sub-
stance to substantially degrade 1t, or otherwise form 1mpu-
rities, which may be delivered to the skin.

Concentrations, amounts, solubilities, and other numeri-
cal data may be presented herein in a range format. It 1s to
be understood that such range format 1s used merely for
convenience and brevity and should be interpreted flexibly
to include not only the numerical values explicitly recited as
the limits of the range, but also to include all the individual
numerical values or sub-ranges encompassed within that
range as 1f each numerical value and sub-range 1s explicitly
recited. For example, a concentration range of 0.5 to 400
ng/ml should be interpreted to include not only the explicitly
recited concentration limits, but also to include individual
concentrations within that range, as well as sub-ranges. This
interpretation should apply regardless of the breadth of the
range or the characteristic being described. All weight
percentages (wt % s) are based on a dry weight of the
described composition, unless explicitly noted otherwise.

B. TH.

T

INVENTION

A transdermal delivery device, also referred to herein as
a transdermal patch, suitable for use for delivery of vitamin
B,, 1s now described. FIG. 1 1llustrates transdermal patch
10, and a basic embodiment of the present invention. Patch
10 includes an impermeable backing layer 12 and a skin
contact adhesive layer 14 which serves both as a reservoir
for vitamin B, , and as a means of attaching the device to the
skin of a subject. Adhesive layer 14 includes, 1n addition to
vitamin B,,, a permeation enhancer, and a vitamin B,
stabilizer. The adhesive layer’s surface 1s a vitamin B,
permeable contact surface and 1s adapted to be placed
against the patient’s skin. Patch 10 further includes a remov-
able impermeable layer 16, also referred to in the art as a
release liner or removable peel strip, covering the adhesive
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layer’s surface during storage and prior to use to prevent
vitamin B, , release from adhesive layer 14.

In a preferred embodiment, backing layer 12 functions as
an occlusive layer that prevents loss of vitamin B, ,, enhanc-
ers and stabilizers present in the adhesive layer to the
environment. Materials suitable for use as the backing layer
are known to those of skill in the art. The backing layer 1s
preferably opaque to protect components of the matrix patch
from degradation caused by exposure to ultraviolet light,
particularly the organometallic vitamin B,, molecule. Fur-
ther, the backing should be capable of binding to and
supporting the adhesive layer, yet should be pliable to
accommodate the movements of a person using the patch. It
1s also preferable for manufacturing purposes that the back-
ing layer be mechanically strong enough to form a support
onto which the vitamin B, ,-enhancer-stabilizer loaded adhe-
sive can be brought mto contact with the subject’s skin.

Many polymers are useful for making backing layers,
such as polyvinylchloride, polyvinylidene chloride, polyole-
fins, polyethylene, polypropylene, polyurethane, and poly-
esters. Exemplary backing material are polyester or alumi-
nized polyester, such as the Scotchpak (registered
trademark) medical films available from 3M Corporation
(St. Paul, Minn.). In addition to these materials, polyamides,
metal vapor deposited films or sheets thereof, rubber sheets,
films, expanded synthetic resin sheets, unwoven fabrics,
tabrics, knitted fabrics, papers, and foils may also be used.
The matenials may be laminated, pigmented or metalized.
The preferred backing material 1s VOLARA (registered
trademark) closed-cell polyethylene EVA copolymer 132"
thick foam manufactured by Sekisui Voltek (Lawrence,
Mass.). This material 1s available 1n a range of standard
colors as well as custom matched colors. Thickness 1s a
desirable feature of the patch making 1t easier to manipulate
by subjects with arthritic fingers.

Although backing layers may be prepared directly from
raw materials, they may also be obtained as films from
commercial sources. For mstances, 3M Corporation, St. Paul
Minn.; Dow Chemicals, Midland, Mich.; Avery Specialty
Tape Division, Painsville, Ohio; and A.F. Packaging, Win-
ston-Salem, N.C., all supply commercially available films
which can be used for backing layers. One type of backing
layer which 1s commercially available from 3M Corporation
1s the Scotch Pak 1000 (registered trademark). The backing
layer may be made from Scotch Pak 1006 or 1009 (regis-
tered trademarks), which are skin colored aluminized poly-
ester fllms of 350 microns in thickness. Another type of
backing layer 1s 3M-1012 which 1s a transparent polyester
f1lm laminate. Each of these commercially available backing
layers 1s sold by 3M Corporation.

Adhesive layer 14 in this embodiment serves both as a
reservolr for vitamin B,, and as contact surface for place-
ment against a subject’s skin. The vitamin B, 1s dispersed
in the adhesive layer. As used herein, the term “dispersed”
refers to the distribution of vitamin B,, throughout the
adhesive layer.

Adhesive layer 14 shown 1n FIG. 1 may be prepared by
mixing together a solution of the polymeric adhesive (or,
equivalently, adhesive polymer), which can be purchased
commercially or prepared by dissolving the adhesive solid in
a suitable solvent, with a solution of vitamin B, , dissolved
or evenly dispersed 1n selected enhancers and stabilizers.
The mixture may be poured into a mold or cast alone or on
the desired backing material. The casting 1s then left for the
solvent to evaporate at room temperature or 1n an oven at a
slightly elevated temperature. After solvent evaporation, the
adhesive matrix takes the form of an adhesive polymer film
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typically having a thickness in the range of about 6 to 100
microns. Alternatively, a B, , solution can be incubated with
a precast adhesive laminate to allow the vitamin B,, to
diffuse mto the adhesive layer.

The amount of vitamin B, , loaded 1nto the adhesive layer
can be varied by varying the concentration of vitamin B, 1n
the casting mixture and the thickness of the adhesive layer.
The amount of vitamin B, , in the adhesive layer of a given
patch area should be suflicient to provide for at least 8 hours
of treatment, more preferably 24 hours of treatment and
most preferably for 48 hours of treatment. However, longer
treatment times may certainly be utilized to optimize efli-
ciency ol vitamin delivery. In certain embodiments, the
adhesive layer 1s formulated to allow the patch to detach
from the subject 1n a predetermined amount of time, such as
two days from application to detachment. This prompts the
user to apply a new patch and also encourages the user to
rotate the skin area directly within patch contact. As can be
appreciated, the amount of vitamin B,, present in the patch
depends on several factors, such as the desired time frame
for release of the vitamin, the particular components pro-
vided with the vitamin B,,, and the permeability of the
adhesive layer. In a preferred embodiment, the vitamin B,
1s present 1n the adhesive layer at about 0.1 wt percent to
about 25 wt percent, more preferably at about 1 wt percent
to about 8 wt percent, and most preferably at about 4 wt
percent. Vitamin B, , suitable for use in the present invention
1s available from Charles Bowman & Co (Holland, Mich.).

The transdermal device includes an enhancer effective to
increase the skin permeation rate of vitamin B, to the skin.
Such enhancers are necessary to overcome the low skin
permeation rate of vitamin B,,, when administered alone.
Enhancers useful i the present mvention include nicoti-
nates, fatty acids, fatty alcohols, terpenes, polyols and
combinations thereof, with a combination of menthone and
propylene glycol being most preferred.

Various stabilizers, alternatively referred to as preserva-
tives, are used to stabilize the vitamin B,, contained within
the transdermal patch. The type of stabilizer selected wall
depend on the type of components used within the vitamin
B,, composition as well as the other materials of the patch.
Suitable stabilizers include, ascorbic acid, phosphoric acid,
panthenoic acid, butylated hydroxytoluene, edetic acid,
nicotinic acid, sodium selenite, and combinations thereof.
Sodium selenite 1s the preferred vitamin B,, stabilizer in
formulations according to the invention. Stabilizers may
turther include, but are not limited to, alcohols, e.g., ethanol
or 1sopropanol; quaternary ammonium surfactants, as well
as many other preservative compounds known 1n the art. The
United States Pharmacopeia XXI 1985 includes a section
which describes parameters for selecting compounds usetul
in enhancing the stability of various drugs (pp. 1345-1347).
Other factors, such as pH and ionic strength of the solution,
also influence the stability of the compounds within the
adhesive layer.

The adhesive used i1n an adhesive type patch can be
selected from a variety of adhesives available commercially
and known to those i the art. For example, common
adhesives are those based on poly 1sobutylene, acrylic, and
silicone. The adhesive selected will depend in part on the
enhancer or enhancers chosen and the amount of vitamin,
enhancer and stabilizer loaded into the adhesive layer. The
adhesive must retain 1ts adhesive properties 1n the presence
of these additives, and provide anchorage to the backing
f1lm, tack for good 1nstantaneous adhesion to the skin, good
adhesion throughout the treatment period and clean removal
from the skin after treatment. Some preferred adhesives
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include those available from Dow Corning Corporation, Air
Products Corporation, Cytek Surface Specialties and from
National Starch and Chemical Company.

A wide range of adhesives useful in connection with
transdermal patches will be known to those skilled 1n the art
of transdermal drug delivery. In one aspect of the invention,
acceptable adhesives may include polyacrylate polymers,
rubber-based adhesives, and polysiloxanes adhesives. These
types of materials, as well as others, are described by Van
Norstrand (The Handbook of Pressure Sensitive Adhesive
lechnology Second Edition 1989), which 1s hereby incor-
porated by reference.

In one aspect, polyacrylate polymers can be any of the
homopolymers, copolymers, terpolymers, and the like of
various acrylic acids. In another aspect of the invention, the
acrylate polymers may be a combination of one or more
monomers of acrylic acids and other copolymerizable mono-
mers.

Acrylate polymers may also include copolymers of alkyl
acrylates and/or methacrylates, and/or copolymerizable sec-
ondary monomers or monomers with functional groups. The
adhesive material may be an acrylic adhesive including at
least one polymer selected from homopolymers of acrylic
esters, copolymers of two or more types of acrylic ester units
and copolymers of acrylic esters and other functional mono-
mers. Acrylic esters include, but are not limited to, butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (meth)acrylate,
heptyl (meth)acrylate, octyl (meth)acrylate, nonyl (meth)
acrylate, decyl (meth)acrylate, etc. Functional monomers
include, but are not limited to, monomers containing a
hydroxyl group, such as hydroxyethyl (meth)acrylate,
hydroxypropyl (meth)acrylate, etc., monomers containing a
carboxyl group, such as carboxyl methacrylate, etc. and
monomers containing an amide group such as methacryl-
amide, dimetheylmethacrylamide, eftc.

Specific examples of acrylate monomers, which are suit-
able for use with the present invention include, but are not
limited to methacrylic acid, butyl acrylate, butyl methacry-
late, hexyl acrylate, hexyl methacrylate, 2-ethylbutyl acry-
late, 2-ethylbutyl methacrylate, 1sooctyl acrylate, 1sooctyl
methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacry-
late, decyl acrylate, decyl methacrylate, dodecyl acrylate,
dodecylmethacrylate, tridecyl acrylate, tridecyl methacry-
late, and mixtures thereof.

Specific examples of functional monomers which are
copolymerizable with the above-recited alkyl acrylates or
methacrylates, which can also be used include, but are not
limited to acrylic acid, methacrylic acid, maleic acid, maleic
anhydride, hydroxyethyl acrylate, hydroxypropyl acrylate,
acrylamide, dimethylacrylamide, acrylonitrile, dimethylam-
inoethyl acrylate, dimethylaminoethyl methacrylate, tert-
butylaminoethyl acrylate, tert-butylaminoethyl methacry-
late, methoxethyl acrylate, methoxyethyl methacrylate, and
mixtures thereol.

Further details and examples of acrylic adhesives which
are suitable for use 1n the present invention are set forth 1n

Satas (1he Handbook of Pressure-sensitive Adhesive Tech-
nology 2nd Ed. Pp. 396-456 1989), which 1s incorporated
herein by reference in 1ts entirety.

Examples of suitable acrylic adhesives which are com-
mercially available include polyacrylate adhesives sold
under the trademarks DUROTAK (registered trademark) by
National Starch and Chemical Corporation, Bridgewater,
N.I., as well as GELVA-MULTIPOLYMER SOLUTION
(registered trademark) by Cytek Surface Specialties,
Smyrna, Ga. Other examples of adhesives, and adhesive
formulations, which can be used in connection with the
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present invention are disclosed 1n U.S. Pat. No. 5,656,286,
which 1s 1incorporated herein by reference 1n 1ts entirety.

In one aspect, utilizing a mixture of two or more acrylic
polymers may facilitate sustained release of vitamin B, ,.
Many variations and combinations of acrylics may be
employed to achieve the desired increase in release duration.
Examples of such combinations may be found in U.S. Pat.
No. 6,024,976, which 1s incorporated herein by reference in
its entirety. Other examples of such acrylic combinations
will be readily recognized by those skilled in the art.

Specific examples of suitable rubber-based pressure sen-
sitive adhesives include, but are not limited to hydrocarbon
polymers, such as natural and synthetic polyisoprenes, poly-
butylenes and polyisobutylene (PIB), styrene/butadiene
polymers, styrene-isoprene-styrene block copolymers,
hydrocarbon polymers such as butyl rubber, halogen-con-
taining polymers such as polyacrylic nitrile, polytetratluo-
roethylene, polyvinyl chloride, polyvinylidene chlonde, and
polychlorodiene, and polysiloxanes, and other copolymers
thereof.

Specific examples of suitable polysiloxanes include but
are not limited to silicone pressure sensitive adhesives,
which are a based on two major components: a polymer, or
oum, and a tackifying resin. The polysiloxane adhesive may
be prepared by cross-linking the gum, typically a high
molecular weight polydiorganosiloxane with the resin to
produce a three-dimensional silicate structure via a conden-
sation reaction in an appropriate organic solvent. Various
aspects of formulating polysiloxane adhesives are known 1n
the art. Suitable silicone pressure-sensitive adhesives are
commercially available and include the silicone adhesives
sold under the trademark BIO-PSA (registered trademark)
Dow Corming Corporation, Medical Products, Midland,
Mich.

The adhesive layer can further comprise various additives
in addition to the vitamin, permeation enhancer and stabi-
lizer that are the fundamental components of the adhesive
patch formulation. These additives are generally those phar-
maceutically acceptable ingredients that are known 1n the art
of transdermal substance delivery and, more particularly, 1n
the art of transdermal substance delivery. However, such
additive ingredients must not materially alter the basic and
novel characteristics of the patch. For example, suitable
diluents can include mineral oil, low molecular weight
polymers, plasticizers, and the like. Many transdermal deliv-
ery substance formulations have a tendency to irritate the
skin after prolonged exposure thereto, thus addition of a skin
irritation reducing agent aids may be desirable.

In order to enhance the ability of the adhesive layer to
attach to the skin, 1t may optionally contain a tackifier. Tack
can be controlled by combining adhesives of varying hard-
nesses (glass temperature or T,). Tackifier 1s a polymer
which 1s insoluble 1n water and composed of a monomer
which contains partly or wholly a (meth)acrylic alkyl ester.
Such types of polymers include, but are not limited to,
acrylic, N-butyl-methacrylic copolymer (Primal N580NE,
sold by Japan Acrylic Chemical Company, Ltd.), acrylic
methyl, acrylic 2-ethylhexyl copolymer (Nikasol TS-6520,
sold by Nippon Carbide Industries Company, Ltd.), poly-
acrylic acid (Jurymer AC-10LPH, sold by Nihon Junyaku
Company, Ltd.), methacrylic copolymer L (Plastoid L30,
sold by Rohm Pharma GmbH), and aminoalkylmethacrylate
copolymer E (Plastoid E35L, Plastoid E335M, Plastoid
E35H, all sold by Rohm Pharma GmbH).

In a preferred embodiment, the adhesive layer 1s formed
from a shelf stable composition having the following for-
mulation: (a) vitamin B,, at about 4 wt %; (b) sodium
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selenite at about 0.2 wt %; (¢) menthone at about 5 wt %; (d)
propylene glycol at about 3.5 wt %; (e) nonionic surfactant
at about 1 wt % (1) polyurethane polymer associative
thickener at about 2 wt %; and (g) acrylic co-polymer at
about 82.3 wt %.

Referring again to FIG. 1, transdermal patch 10 includes
a release liner 16 which 1s positioned adjacent to the surface
of adhesive layer 14 and which 1s removed prior to appli-
cation of the transdermal patch to the skin. Liner 16, which
1s used to cover the adhesive backing during storage to
prevent a evaporative loss of the vitamin composition and
shield the same from ultraviolet light damage during stor-
age, may be made from any impermeable film. It may be
made from the same impermeable material as the backing
layer or it may also be a metal foil, Mylar (registered
trademark) polyethylene terephthalate, siliconized polyester,
fumed silica 1 silicone rubber, polytretratluoroethylene,
cellophane, siliconized paper, alumimzed paper, polyvinyl
chlornide film, composite foils or films contaiming polyester
such as polyester terephthalate, polyester or aluminized
polyester, polytetrafluoroethylene, polyether block amide
copolymers, polyethylene methyl methacrylate block copo-
lymers, polyurethanes, polyvinylidene chloride, nylon, sili-
cone elastomers, rubber-based polyisobutylene, styrene, sty-
rene-butadiene, and  styrene-isoprene  copolymers,
polyethylene, and polypropylene. A thickness of about
0.0005 to about 0.01 1nch 1s preferred. The preferred release
liner 1s about 0.004 inch siliconized opaque polyester.

A preferred method of manufacturing a shelf stable trans-
dermal delivery patch according to the invention 1s via a
roller-coating process. In general, this process includes
roller-coating a vitamin B, , containing composition onto an
impermeable release liner layer to form a skin contact
adhesive layer adjacent to the release liner layer. Water
contained within the composition i1s then evaporated by
heating the composition to a temperature no greater than
about 215 degrees F. for a predetermined amount of time. A
backing layer 1s then laminated to the skin contact adhesive
layer, thus transferring the adhesive layer to the backing
layer and the resulting multilayered product 1s cut into a
pre-selected shape and size thereby providing a suitable
transdermal delivery patch.

U.S. Pat. No. 5,466,465 describes the use of a visible
indicator for which changes 1n color indicate the status of the
active agent within the patch. As adapted by routine experi-
mentation for the present use, the indicator may display one
color when the patch contains a significant amount of
vitamin B, ,, but as the amount 1s depleted, the color changes
to indicate that depletion. The use of the visual indicator can
be of help to the subject to determine whether 1t 1s necessary
to apply an additional patch. The entire contents of U.S. Pat.
No. 5,466,465 are incorporated herein by reference.

The transdermal patch may be of any shape, such as
oblong, square, round, rectangular, etc. The transdermal
patch may also have a varniety of sizes. The total surface area
in general may range from 1-400 cm®. The actual surface
areca will depend upon a number of factors, including the
amount of vitamin B,, to be delivered over a specified
period of time, and the presence of permeation enhancers as
well as the type of adhesive layer. Preferred patch size 1s
about 2 cm”.

U.S. Pat. No. 5,473,966 describes a method for sizing
transdermal patches. The method 1s useful for reducing the
s1ze ol the patch, and thus the amount of active ingredient
within the patch which will be administered. By routine
optimization, the method can be used to customize patches
tor release profiles of vitamin B,, over specific periods of
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time. For instance, if a subject were using a 50 cm” patch and
desired to use one third less active agent, it would be

possible to reduce the patch area to 33 cm® following such
a method, or using any such method known in the art.

The patches are generally stored in pouches which waill
prevent contamination and prevent damage associated with
environmental conditions such as light and dryness. Foil
pouches are particularly useful. Many types of storage
pouches are commercially available, such as those available
from Lithotype Company (San Francisco, Calif.; polyethyl-
ene, surlyn), James River Corporation (San Leandro, Calif.;
polypropylene metalized film), Ivers-Lee, a division of
Becton-Dickinson (West Caldwell, N.J.; 305W, 406), Jet-
ferson Smurfet (Alton, Ill.; acrylonitrile butadiene copoly-
mer {ilm laminate).

The effect of the transdermal patches taught and claimed
herein can be assessed using qualitative measures reported
by the subject wearing the patch. That 1s, the patient may
decide whether the patch has beneficial eflects during wear
and for a defined period of time after wearing the patch.
These types of qualitative assessment tests have been used
successiully to evaluate many types of treatments for
chronic 1llnesses as well as addictions. The simplest form of
qualitative analysis involves the use of a vitamin B, patch
for some experimental subjects and placebos for others.
Each subject determines whether the treatment improved,
worsened or made no change 1n pre-selected health catego-
ries.

The following examples are oflered for illustrative pur-
poses only, and are not intended to limit the scope of the
present invention i any way. Indeed, various modifications
of the invention 1n addition to those shown and described
herein will become apparent to those skilled 1n the art from
the foregoing description and the following examples and
tall within the scope of the appended claims.

C. EXAMPLES

Example 1. Transdermal Delivery Patch for
Vitamin B,

The present example describes the preferred embodiment
for the manufacture and formulation of a transdermal patch
according to the invention. For aesthetic and consumer
ease-ol-use, polyethylene foam (%42" thick) [available under
the tradename VOLARA from Voltek]| was selected as the
fabric-style impermeable backing layer. White silicone-
treated-polyester, about 4 mil thick, gives the liner enough
stiflness to be easily handled by an arthritic subject.

An emulsion based adhesive was chosen to ease the
incorporation of vitamin B, , although solvent based adhe-
sives (such as polyisobutylene, polydimethylsiloxane, or
acrylate copolymers) could have been chosen. Other key
considerations included controlling skin irritation levels of
the adhesive including modifiers, proper anchorage of the
adhesive to the backing, suflicient skin tackiness to adhere
for up to 24 hours yet release without damaging the skin, and
wet adhesive characteristics that allow roller coating.

Acrylic co-polymer [Flexbond AV190 adhesive by Air
Products] was chosen as a low skin irritation pressure
sensitive adhesive (PSA) that bonds better with polyethyl-
ene, has a low tendency to re-emulsily by extended contact
with skin moisture, and 1t’s capacity for high solids loading.
Although the preferred formulation did not include a tacki-
fier, tackiness of the fimshed adhesive may be controlled by
addition of another acrylic copolymer (including those with
amino or carboxyl groups) and/or adding tackifers (rosin
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esters, hydrogenated rosins, dipropylene glycol dibenzoate,
and/or mixed hydrocarbons), most preferably the acrylic
co-polymer [Flexbond 150 adhesive by Air Products].

Permeation enhancers 1dentified as useful for this product
included nicotinates (methyl and benzyl), fatty acids (oleic
acid, undecanioic acid, lauric acid), fatty alcohols (octanol
and nonanol), terpenes (menthol, limonene, and menthone),
and polyols (polyethylene glycol, propylene glycol, and
glycerol). In an early trial, a binary enhancer system of
methylnicotinate and propylene glycol was used but the
inventor observed that the methylmicotinate crystallized
alter about 3-4 months in the patch. This crystallization
resulted 1n areas of high concentrations of methylnicotinate
that could potentially cause severe skin 1irritation after sev-
eral hours of wear. Substituting benzylnicotinate resulted 1n
the same severe and unacceptable skin irritation. However,
the mventor subsequently found menthone to be an excellent
permeation enhancer in conjunction with propylene glycol.

Stabilizers for vitamin B,, included ascorbic acid (plus
related mineral ascorbates and fatty acid esters), phosphoric
acid, panthenoic acid (plus related alcohols and/or salts),
butylated hydroxytoluene (BHT), edetic acid (EDTA), nico-
tinic acid (plus macinamide), and sodium selenite. Although
sodium selenite 1s used 1n the existing product, inclusion of
a form of nicotinic acid has potential benefits beyond
stabilization and may extend the benefits of the overall
product; the inclusion of vitamins B; and B, are believed to
act as anti-oxidant stabilizers of vitamin B, ,.

To achieve controlled coating thicknesses using a roller-
coater method on silicone-treated Mylar, the wet adhesive
required thickening using either polyvinyl alcohol, polyeth-
ylene oxide polymers, and/or an associative thickener. The
polyurethane polymer associative thickener [Rheolate 288
(rheologic additive) by FElementis Specialties] was found to
be most effective. Addition of a nonionic surfactant [Surly-
nol 420, a surfactant by Air Products] provided eflective
wetting of the Mylar during coating. Table 1 below provides
ranges ol formulation components (both wet and dry wt %
s) for a preferred polymeric adhesive composition according
to the mvention.

TABLE 1
Minimum Maximum
Wet Dry Wet Dry
Cyanocobalamin 0.1% 0.1% 15.0% 25.0%
Sodium Selenite 0.01% 0.01% 1.0% 1.2%
Menthone 0.8% 1.3% 12.0% 12.0%
Propylene glycol 0.5% 0.8% 12.0% 12.0%
Nonionic surfactant 0.1% 0.2% 1.0% 1.0%
Thickener 0.6% 1.0% 6.0% 8.0%
Added Water 0.3% 0.0% 50.0% 0.0%
Acrylic emulsion adhesive 40.0% 40.0% 97.6% 95.0%

The formulation for a particularly preferred polymeric
adhesive composition 1s shown below 1n Table 2:

TABLE 2
Wet Basis Dry Basis
Cyanocobalamin 2.2% 4.0%
Sodium Selenite 0.1% 0.2%
Menthone 2.7% 5.0%
Propylene glycol 1.9% 3.5%
Nomnionic surfactant 0.5% 1.0%
Polyurethane associative thickener 1.1% 2.0%
Added Water 10.9% 0.0%
Acrylic copolymer adhesive 80.5% 84.3%
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The coating process incorporated rollers to pick up wet
adhesive and apply a controlled thickness of 0.002 inches to
the silicone-treated side of the Mylar. The wet adhesive on
the Mylar was then transported to a forced air oven operating
at 300 degrees Fahrenheit where the water was evaporated
from the adhesive without raising the product temperature
(1.e., web temperature) above 215 degrees Fahrenheit. Upon
exiting the oven, polyethylene foam that that had been
recently corona discharge treated (to raise surface energy to
at least 40 dynes) was laminated to the adhesive. The patches
were then cut into pre-selected shape and size, preferably 34"
diameter circles.

It should be noted that the above description, attached
FIGURE and their descriptions are intended to be 1llustrative
and not limiting of this invention. Many themes and varia-
tions of this invention will be suggested to one skilled 1n this
and, 1n light of the disclosure. All such themes and variations
are within the contemplation hereof. For instance, while this
invention has been described in conjunction with the various
exemplary embodiments outlined above, various alterna-
tives, modifications, variations, improvements, and/or sub-
stantial equivalents, whether known or that rare or may be
presently unforeseen, may become apparent to those having
at least ordinary skill in the art. Various changes may be
made without departing from the spirit and scope of the
invention. Therefore, the invention 1s intended to embrace
all known or later-developed alternatives, modifications,
variations, improvements, and/or substantial equivalents of
these exemplary embodiments.

The mvention claimed 1s:

1. A shelf stable transdermal delivery patch for adminis-
tering vitamin B,, to a subject, comprising;:

(a) a backing layer;

(b) a skin contact adhesive layer adjacent to the backing

layer, said skin contact adhesive layer including:

(1) a polymeric adhesive;

(11) vitamin B, ,;

(111) a penetration enhancer effective to enhance trans-
dermal uptake of wvitamin B,, by said subject,
wherein the penetration enhancer 1s the only pen-
etration enhancer in the adhesive layer, and the
penetration enhancer consists of (a) menthone at 1.3
wt % to 12.0 wt %, and (b) propylene glycol at 0.8
wt % to 12.0 wt %, based on the skin contact
adhesive layer’s dry weight; and

(1v) a vitamin B, , stabilizer to stabilize the vitamin B, ,
contained within the adhesive layer; and

(¢) a removable impermeable layer overlaying the skin

contact adhesive layer, said removable impermeable

layer preventing vitamin B,, release from the skin
contact adhesive layer prior to use.

2. The shelf stable transdermal delivery patch according
to claim 1 wherein said vitamin B, , 1s provided at 0.1 wt %
to 25.0 wt % of the skin contact adhesive layer’s dry weight.

3. The shelf stable transdermal delivery patch according
to claim 1 wherein the vitamin B, stabilizer 1s selected from
the group consisting of ascorbic acid, phosphoric acid,
panthenoic acid, butylated hydroxytoluene, edetic acid,
nicotinic acid, sodium selenite, and combinations thereof.

4. The shelf stable transdermal delivery patch according
to claim 1 wherein:

(a) the polymeric adhesive 1s acrylic co-polymer at 4.0 wt

% to 95.0 wt %;

(b) said vitamin B, , 1s provided at 0.1 wt % to 25 wt %;

(c) the penetration enhancer consists of (1) menthone at

1.3 wt % to 12.0 wt %, and (11) propylene glycol at 0.8

wt % to 12.0 wt %; and




US 9,700,522 B2

15

(d) the vitamin B, , stabilizer 1s sodium selenite at 0.01 wt
Y% to 1.2 wt %:;

wherein wt % 1s based on the skin contact adhesive layer’s
dry weight.

5. The shelf stable transdermal delivery patch according
to claam 1 wheremn the vitamin B,, stabilizer 1s sodium
selenite.

6. A method of transdermally administering vitamin B, ,
to a subject comprising contacting a subject’s skin with a
composition, said composition comprising an adhesive
layer, said adhesive layer including:

(a) a polymeric adhesive;

(b) vitamin B, ,;

(c) a penetration enhancer effective to enhance transder-
mal uptake of the vitamin B, , by said subject, wherein
the penetration enhancer 1s the only penetration
enhancer 1 the adhesive layer, and the penetration
enhancer consists of (a) menthone at 1.3 wt % to 12.0
wt %, and (b) propylene glycol at 0.8 wt % to 12.0 wt
%, based on the skin contact adhesive layer’s dry
weight; and

(d) a vitamin B,, stabilizer to stabilize the vitamin B,,
contained within the composition;

wherein said vitamin B, 1s transdermally administered to
said subject.

7. The method according to claim 6 wherein said vitamin
B, , 1s provided at 0.1 wt % to 25 wt % of the composition’s
dry weight.

8. The method according to claim 6 wherein the vitamin
B,, stabilizer 1s selected from the group consisting of
ascorbic acid, phosphoric acid, panthenoic acid, butylated
hydroxytoluene, edetic acid, nicotinic acid, sodium selenite,
and combinations thereof.

9. The method according to claim 6 wherein the vitamin
B,, stabilizer 1s sodium selenite.

10. The method according to claim 6 wherein:

(a) the polymeric adhesive 1s acrylic copolymer at 10.0 wt

% 10 95.0 wt %

(b) said vitamin B,, 1s provided at 0.1 wt % to 25 wt %;

(c) the penetration enhancer consists of (1) menthone at
1.3 wt % to 12.0 wt and (11) propylene glycol at 0.8 wt
% to 12.0 wt %; and

(d) the vitamin B, , stabilizer 1s sodium selenite at 0.01 wt
Y% to 1.2 wt %:;

wherein wt % 1s based on the composition’s dry weight.

11. The method according to claim 6, wherein the com-
position 1s provided in the form of a shelf stable transdermal
delivery patch comprising:

(a) a backing layer,

(b) the adhesive layer, and

(c) a removable impermeable layer overlaying the skin
contact adhesive layer, said removable impermeable
layer preventing vitamin B,, release from the skin
contact adhesive layer prior to use, and

wherein the removable impermeable layer 1s removed
prior to said contacting.

12. The method according to claim 6, wherein in the

adhesive layer,

(a) the polymeric adhesive 1s acrylic co-polymer at 4.0 wt

Y% to 95.0 wt %:;
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(b) said vitamin B, , 1s provided at 0.1 wt % to 25 wt %;

(c) the penetration enhancer consists of (1) menthone at
1.3 wt % to 12.0 wt %, and (11) propylene glycol at 0.8
wt % to 12.0 wt %; and

(d) the vitamin B, stabilizer 1s sodium selenite at 0.01 wt
% to 1.2 wt %;

wherein wt % 1s based on the skin contact adhesive layer’s

dry weight.

13. A shelf stable transdermal delivery patch for admin-
istering vitamin B, , to a subject, comprising:

(a) a backing layer;

(b) a skin contact adhesive layer adjacent to the backing

layer, said skin contact adhesive layer consisting of:

(1) a polymeric adhesive;

(1) vitamin B, ,;

(111) a penetration enhancer effective to enhance trans-
dermal uptake of vitamin B,, by said subject,
wherein the penetration enhancer 1s a combination of
(a) menthone at 1.3 wt % to 12.0 wt %, and (b)
propylene glycol at 0.8 wt % to 12.0 wt %, based on
the skin contact adhesive layer’s dry weight;

(1v) a vitamin B, , stabilizer to stabilize the vitamin B, ,
contained within the adhesive layer; and

(v) optionally a thickener and/or added water, and

(c) a removable impermeable layer overlaying the skin

contact adhesive layer, said removable impermeable

layer preventing vitamin B,, release from the skin
contact adhesive layer prior to use.

14. The shelf stable transdermal delivery patch according
to claim 13 wherein said vitamin B, 1s provided at 0.1 wt
% to 25.0 wt % of the skin contact adhesive layer’s dry
weilght.

15. The shelf stable transdermal delivery patch according
to claim 13 wherein the vitamin B,, stabilizer 1s selected
from the group consisting of ascorbic acid, phosphoric acid,
panthenoic acid, butylated hydroxytoluene, edetic acid,
nicotinic acid, sodium selenite, and combinations thereof.

16. The shelf stable transdermal delivery patch according
to claam 13 wherein the vitamin B,, stabilizer 1s sodium
selenite.

17. A method of transdermally administering vitamin B,
to a subject, comprising

obtaining a transdermal delivery patch according to claim

13,

removing the removable impermeable layer, and

contacting a subject’s skin with the adhesive layer of the

patch,

wherein said vitamin B, 1s transdermally administered to

said subject.

18. The method according to claim 17 wherein said
vitamin B,, 1s provided at 0.1 wt % to 25 wt % of the
composition’s dry weight.

19. The method according to claim 17 wherein the vita-
min B,, stabilizer 1s selected from the group consisting of
ascorbic acid, phosphoric acid, panthenoic acid, butylated
hydroxytoluene, edetic acid, nicotinic acid, sodium selenite,
and combinations thereof.
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